ding interferogram is described. The spectral synthesis is performed by successive summation of cosine functions with amplitudes which are determined by the sample points of the interferogram. The frequency of these functions is controlled by the reference signal. Summation of the cosine functions is performed in a digital memory oscilloscope which has 1 024 separate addresses. The system to determine the point of zero path difference is described. The operation and performance of the real time Fourier synthesizer are described and samples of the data obtained are presented.
The interferogram F(x), corresponding to the spectral distribution E(v), is the output of an interferometer used for Fourier spectroscopy. The interferogram is represented by where v, and V M are the minimum and maximum wavenumbers in the spectral distribution. From equation (I), we see that the interferometer has synthesized the interferogram by the superposition of a series of trigonometric functions with amplitudes determined by the spectral function. The spectral distribution is related to the interferogram by
It is reasonable, then, to obtain the spectral distribution by the inverse process, i. e., by a superposition of trigonometric functions with amplitudes determined by the interferogram. A synthesis of the spectral function is thus obtained and this synthesis is the Fourier series approximation to the spectrum.
The interferogram function is sampled according to the requirements of the sampling theorems and equation (2) (4) where N corresponds to the last sample point or to the maximum path difference.
The spectral synthesis is represented by where q ( o ) is the spectrum of the detector response and G(tnh) is the amplitude of the detector response a t the sample point nh. The angular frequency of the cosine functions is given by
where Av is the bandwidth of the incident radiation and the running variable t is equivalent to the parameter v. Each sample point of the interferogram is used to generate a cosine function with an amplitude determined by the sample value and a frequency determined by the path difference. Equation (5) forms the basis of the real-time Fourier synthesizer. The sample value G(tnh) is held while it is multiplied by the proper cosine function. Each succeeding product is put into the memory and added to the preceding data. A summation of G(tnh) cos on t terms is thus obtained.
A block diagram of the real-time Fourier transform synthesizer is shown in figure 1. The instrument has been designed to operate with a lamellar grating interferometer but it could also be used with a wellcompensated Michelson. Four signals are required to synthesize the spectral distribution. Three of these are inputs to the instrument while the fourth is internally generated. The inputs are : the output of the lamellar grating interferometer, the reference signal and the pulse which is derived from the zero path difference detector. This pulse initiates the automatic operation of the instrument. The reference signal is derived from a Michelson interferometer, the moving mirror of which is mounted on the rear of the moving facet of the lamellar grating.
In order to synthesize the cosine transform of the interferogram, it is necessary to know when the path difference between the two beams is zero. This information is supplied by the zero path difference detector, which will be described later.
Signals go through the instrument along one of several paths. The output of the interferometer traverses the first path, which extends from the detector of the interferometer through several stages of amplification, through an analog sample and hold circuit and ends in the multiplier. The interferogram signal is sampled, and G(tnh) terms are produced. The sample value is held during the interval between samples and it is during this interval that it is multiplied with the proper cosine function.
The cosine functions, required for the synthesis, are generated in the second signal path. This extend from the frequency synthesizer through the gate circuit and ends in the multiplier. The frequency synthesizer generates a sinusoidal signal with a precisely known frequency. All the frequencies are derived from a crystal controlled master oscillator. The frequency synthesizer is remotely controlled and the frequency of the output can be changed on command. The reference signal changes the frequency according to a pre-set program.
A gate circuit and its associated control circuitry are used to obtain cosine functions from the sinusoidal signal generated by the frequency synthesizer. These cosine functions are then allowed to enter the multiplier.
The first two signal paths combine in an analog multiplier to form the third. Here, G(tnh) and cos on t terms are multiplied to form G(tnh) cos u, t. These terms then go to a summation unit which consists of an analog to digital converter, a core memory with 1024 addresses and the required electronics.
The A-D converter is an integral part of the summation unit. It is accurate to within 0.5 %. It digitizes the incoming signal at 1024 ordinates and each of these values is stored in one address of the memory.
Each time a new signal is stored, the old data is read out of each address, modified by the new and the result is re-stored in the same address. The memory is advanced from one address to the next by an external signal although it can also be done by an internal oscillator. New signals may be stored and summed at the rate of one each second. The summation unit will operate faster but the limitation is due to the allowable rate at which the interferogram may be sampled. The rate is governed by the characteristics of the scheme used to change the frequency of the frequency synthesizer and the frequency response of the summation unit. When the mth sample is taken, G(t,,) cos om t is produced in the multiplier. This is digitized and added to n = m -I C G(t,,h) cos o n t ? I = 1 which is already stored in the memory. After this signal has been stored, the memory contains 
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The reference signal traverses the fourth signal path. This splits into two branches. The first branch goes to the sample and hold circuit where it controls the sampling interval and the second branch goes to the sequencer which controls the frequency of the signal generated by the frequency synthesizer. An oscilloscope monitors the data which are stored in the memory. The data may be read out with an X-Y recorder as soon as the interferogram is complete.
The synthesized spectra repeat at intervals of llh, due to the sampling. The external advance signal is adjusted so the first 1 000 addresses carry no repeating data.
Zero Path Difference Detector. -The zero path difference detector consists of an additional optical system and the associated electronics. Figure 3 shows a schematic of the optical system. The optical components are clamped to the frame of the lamellar grating. The lamp and collimator produce a very narrow beam of light which grazes the face of the grating and covers a narrow section of all the facets. Stops isolate the zeroth order interference pattern and a lens focusses it onto the detector. Figure 3 also shows the profile of the grating for the general case and for the case where the path difference is zero. In the latter case, the grating acts like a plane mirror and the detector response increases due to constructive interference. The angle of incidence is critical if a single humped response is to be obtained. An electronic circuit is used to generate a spike at the peak of the detector response. This spike initiates the sampling sequence. The real-time Fourier transform synthesizer was evaluated using functions with known spectra. Figure 4 shows the synthesized and theoretical spectra obtained for rectangular functions while figure 5 shows the results for a series of truncated waveforms. The fluctuations are mostly due to digitization errors and recorder jitter. Figure 6 is a diagram of the experimental apparatus used to obtain an interferogram and synthesize its corresponding spectrum. The monochromator serves as both an optical filter and a detector. Figure 7 shows the interferogram and the synthesized spectral distribution. The Fourier transform synthesizer is a real-time device and the synthesized spectrum builds up as more information is obtained. Figure 8 shows the same interferogram and the spectrum obtained at several points as the path difference is increased. The present unit lacks an apodization system. This be moved from place to place. It is expected that some is expected to be added shortly. No great amount further work will be done which will enable it to be of work was done to optimize the zero path difference ruggedized and enable it to be used outside a ladetector as greater interest was shown in perfecting
